Objective: Patients with Wolff-Parkinson-White (WPW) Syndrome require risk assessment to determine their potential for sudden cardiac death. Transesophageal electrophysiology studies (TEEPS) are an effective risk stratification tool. The purpose of this study is to describe a minimially invasive, effective anesthetic technique to employ during transesophageal electrophysiology studies. Methods: A retrospective review of anesthetic technique utilized during TEEPS. Inclusion criteria; WPW on ECG; age <18 years; and no history of tachycardia, palpitations, or syncope and patient had TEEPS under monitored anesthesia care (MAC). Midazolam, Fentanyl, and Propofol were used in various combinations. Sevoflurane was used during induction period in all GA cases and discontinued 10 minutes prior to initiation of TEEPS. Results: Inclusion criteria were met by 20 patients with an average age of 11.9 years, average weight of 48.9 kg and average height of 149.2 cm. IV sedation was performed on 15%, MAC on 10% and GA in remainder. Airway management techniques included 13.3% LMA, 20% endotrachael tube (ETT) and 66% mask. IV sedation, the initial anesthetic, was found to be cumbersome and uncomfortable. Next was ETT and LMA but trouble pacing was encountered due to positional change of the esophagus relative to the left atrium during ventilation. Mask induction was then performed in remaining 10 patients with TEEPS probe inserted through a nare while anesthesiologist continued mask ventilation. All mask * Corresponding author.
Introduction
Wolff-Parkinson-White syndrome (WPW) is an electrocardiographic abnormality that manifests on the electrocardiogram with a short PR interval, presence of a delta wave, and episodes of supraventricular tachycardia [1] . These findings are due to the presence of an accessory pathway (AP) that bridges the electrical activity of the atrium to the ventricles and bypassing the normal conduction delay of the atrio-ventricular node. Many patients with WPW are asymptomatic without complaints of syncope, near-syncope, palpitations, supraventricular tachycardia, atrial fibrillation, or sudden cardiac death (SCD) and are identified only by "routine" electrocardiogram. Regardless, all patients with WPW have risk of SCD due to rapid conduction down their accessory pathway during atrial fibrillation. Due to this risk, current recommendations state that patients with WPW on their ECG undergo formal assessment to determine their risk of SCD. The methods of risk stratification include exercise stress testing, transesophageal electrophysiology studies (TEEPS), and transvenous electrophysiology studies (TVEPS). TVEPS is currently accepted as the most effective way to assess the risk of these patients; however, this procedure is associated with increase cost, time, invasiveness, and risk. In contrast, a TEEPS is easy to perform, less costly, with less risk and excellent success rates [2] .
When performing invasive risk assessment on a patient with WPW, the anesthetic plan must be carefully designed to avoid interference with the conduction properties of the accessory pathway (AP) as well as assure a painless and safe procedure for the patient. Traditional anesthetic agents such as Propofol, Fentanyl, and Midazolam have been shown to have negligible effects on the AP conduction [3] - [8] . In contrast to these agents, the volatile anesthetics Sevoflurane and Isoflurane have been shown to increase AP-effective refractory period (AP-ERP), make them conduct better, and therefore it increases the shortest preexcited R-R interval during Afib, potentially taking a patient from no-risk of sudden death into a group that has risk [3] [6] [8] [9] . To date, no safe and effective anesthetic technique has been described for use during the minimally invasive TEEPS procedures. The purpose of this study is to describe our evolution of anesthetic technique to arrive at a safe and effective method of anesthetizing patients for the minimally invasive transesophageal electrophysiology studies during risk assessment of asymptomatic Wolff-Parkinson-White syndrome patients.
Methods
A retrospective chart review was performed on all patients with asymptomatic WPW that underwent TEEPS procedure at our institution. Inclusion criteria included evidence of preexcitation on ECG (WPW); age < 18 years; and no history of tachycardia, palpitations, or syncope. Data collected included patient age, weight, height, TEEPs results, anesthetic medications and technique(s) utilized. TEEPS studies were performed as part of the risk assessment protocol on asymptomatic WPW patients with the goal of inducing Afib.
Anesthesia was utilized during the study for patient comfort and ease of performing the study. The anesthetic technique evolved during the study as shortfalls were encountered. Initially, the technique was simple IV sedation administered by the performing electrophysiologist. This evolved into the monitored anesthesia care (MAC), or general anesthesia (GA). Each patient had a single anesthesiologist during their case. Anesthetic technique (MAC vs. GA) as well airway management decisions were left to the clinical judgment of the performing anesthesiologist. The anesthetic agents used during the procedure were, Midazolam, Fentanyl, and Propofol alone or in combination. Sevoflurane was also used during the immediate induction period in all GA cases. Airway management included mask ventilation, laryngeal mask airway (LMA), or endotracheal intubation [10] [11].
Results
Inclusion criteria were met by 20 patients with average age of 11.9 years (2 -17), average weight of 48.9 kg (13.5 -104) and average height of 149.2 cm (89 -178). The methods of anesthesia included; IV sedation in 3 (15%), MAC in 2 (10%), and GA on remaining 15 (75%). In addition, multiple methods of airway management were employed including Laryngeal Mask Airway (LMA) in 2 (13%), ETT in 3 (20%), and pure mask technique in 10 (67%). The method of anesthesia and airway management had no effect on the final results of the procedure since Afib was induced in 18 of 20 patients. The cases were afib could not be induced were: 1 sedation and 1 GA with LMA.
In the first three cases, IV sedation was utilized but was found to be cumbersome to perform the procedure and uncomfortable for the patient. The issues encountered during its use were difficulty making the patient comfortable and positioning the TEEPS probe without anesthesia. In addition, once the probe was positioned, it required higher thresholds for capture (18 vs. 15 millivolts) with in turn resulted in patient discomfort. Afib was not inducible in one of these patients due to the inability to position the probe in a place where capture of the heart could be reliably obtained. Due to the difficulty of probe placement and sedation, anesthesia was involved in the subsequent patients (17) to anesthetize the patient and allow the electrophysiologist performed the TEEPS.
General anesthesia was performed on next 15 patients. Depending on the age and overall disposition of the patient, IV access was obtained in either the pre-operative suite or after mask induction. In addition, pre-operative Midazolam (IV or PO) was administered to 13 of 15 patients prior to their receiving general anesthesia. Sevoflurane was used to induce general anesthesia on all patients with the highest end tidal recorded of 6. After induction of general anesthesia and brief maintenance, Sevoflurane was discontinued to avoid any issues with AP conduction. Maintenance of anesthesia was then continued with a combination of IV Propofol and Fentanyl ( Table 1) . No anesthetic complications were noted.
General anesthetic with endotracheal intubation (GETA) was performed on the first 3 patients that underwent general anesthesia. No anesthetic complications were noted but the electrophysiologist noted difficulty properly positioning the TEEPS probe. The issue positioning the TEEPS probe was felt to be due to a small positional change of the esophagus relative to the left atrium after intubation with a cuffed endotracheal tube and the use of positive pressure ventilation.
For this reason, the anesthesiologist attempted general anesthesia with an LMA for the next 2 patients. Due to the age of the patients (13 and 16 years old), both patients underwent IV induction. Sevoflurane was initially used for maintenance of anesthesia before switching to Propofol, Fentanyl, and Midazolam. No anesthetic complications were noted with this method. As with the previous GETA cases, the TEEPS probe was inserted through the nare; and the LMA was placed and inflated. During both cases, the inflation of the LMA moved the TEEPS probe out of position. Afib was not induced in one patient, so the study was converted to TVEPs with successful induction of Afib.
Due to TEEPS probe positioning problems with the endotracheal tube and the LMA, the subsequent procedures were performed with general mask anesthesia on 10 of 20 patients. Mask induction was performed on 5 of 10 patients with IV placement after induction; the remainder of the patients had IV access placed in the preoperative area. Pre-operative Midazolam and intraoperative Fentanyl were administered to 8 of 10 patients. Two patients received no anxiolytics or narcotics in the pre-operative or intra-operative period. All 10 patients, regardless of IV status, underwent mask induction. The TEEPS probe was inserted through a nare and properly positioned by the electrophysiologist. The anesthesiologist secured the probe in the proper position while continuing to mask ventilate the patient. The procedure was performed and the probe was removed. There were no anesthetic complications in any of these patients.
The remaining 2 patients underwent the TEEPS study under MAC anesthesia which was performed by the pediatric anesthesia team. The patients were 16 and 17 years old and easily tolerated the procedure. Overall, 18 of 20 (90%) patients underwent successful TEEPS studies as defined by induction of A-fib.
Discussion
WPW can manifest as syncope, near-syncope, palpitations, supraventricular tachycardia, atrial fibrillation, or even sudden cardiac death which necessitates risk stratification of asymptomatic patients. Current procedures of risk stratification include exercise stress testing, transesophageal electrophysiology studies (TEEPS), and transvenous electrophysiology studies (TVEPS). Exercise stress testing is a non-invasive test used to rule out asymptomatic ventricular preexcitation (aVPE) but is limited by its sensitivity in patients with WPW. TVEPS is an effective way to risk stratify patients; however, it is hampered by its invasiveness, cost, and potential complica-tions. TEEPS procedures have been shown to be an effective screening tool with potentially less complications; however no consensus anesthetic technique has been proven superior [2] . This study series describes our attempt to find the easiest, most effective anesthetic technique for the TEEPS procedure. Depending on the age and co-existing diseases of the patient, this procedure can successfully be performed under MAC or GA. In the older pediatric population, MAC is likely the preferred anesthetic technique due to minimal airway manipulation, the ability to bypass phase I recovery, decreased risk of post-operative nausea and vomiting (PONV). If a patient is unable to tolerate MAC, conversion to GA only requires deepening of IV sedation and airway management by mask ventilation. As shown by our case series, pediatric patients who undergo mask induction for the purpose of obtaining IV access tolerate general anesthesia with mask ventilation for maintenance. The advantages of this technique are that the patient's oropharynx is unobstructed for TEEPS probe placement and when necessary the probe can be easily manipulated by the anesthesiologist during the procedure. In our study, TEEPS probe adjustment was more difficult with an ETT or LMA in place.
Techniques such as MAC or mask general that minimize airway manipulation likely decrease the risk of laryngospasm during TEEPS procedure. Laryngospasm did not occur in any patient in this series, regardless of the technique employed. Probe placement should be performed only after IV access is obtained, and the patient is adequately anesthetized to minimize this risk. The results of this case series suggest that MAC or mask general anesthesia is the preferred anesthetic technique for the TEEPS procedure.
Conclusion
Induction of anesthesia to perform TEEPS procedures on pediatric patients with Wolff-Parkinson-White syndrome underwent numerous attempts to make the procedure easy, reliable and reproducible for anesthesia and electrophysiologist. The eventual technique that proved to meet these criteria during a transesopheagel electrophysiology procedure was utilization of mask induction with continuous IV sedation.
